Objectives Data relating blood pressure (BP) class to subclinical organ damage are infrequently reported in populations with a traditional 'nonwestern' lifestyle. As the relevance of BP stratification to cardiovascular prognosis has not been elucidated in these low-income countries at the second epidemiological transition, we aimed to study the effect of BP class on carotid artery intima-media thickness (IMT) in Flores Island, Indonesia.
Introduction
Eighty percent of global cardiovascular mortality occurs in low-income and middle-income countries [1] . Bibliographic studies looking at global burden of diseases have reported that hypertension is the leading cardiovascular risk factor [2] with a modeled estimate of 639 million hypertensive adults in the year 2000 in economically developing countries [3] .
The main cause of mortality defines the stage of epidemiological transition. Before the first epidemiological transition, death was mostly due to war and accidents/ injuries. During the second epidemiological transition, mortality is mainly characterized by a high burden of infectious disease; degenerative and man-inflicted diseases are slowly emerging. During the third epidemiological transition, cardiovascular mortality replaces infectious diseases as the primary cause of death. Many low-income countries are at the second stage of epidemiological transition [4] . The island of Flores, Indonesia, is regarded to be at this stage; nevertheless, besides infectious diseases, cardiovascular disease and elevated blood pressure (BP) are becoming important causes of visits to health centers [5] . Individuals living at Flores Island have little exposure to 'western type risk factors'. In addition, access to antihypertensive medication and statins is very limited.
BP is an established and important risk factor for cardiovascular disease. BP can be classified in stages. These stages or classes are related to cardiovascular prognosis [6] . In high-income countries, Stamler et al. [7] showed that 'grade II hypertension' is associated with an adjusted relative risk of 4.57 for coronary heart mortality if compared to individuals in the 'optimal' BP class. A Finnish study described the relation between BP classes and echographically measured carotid artery intima-media thickness (IMT), an established intermediate marker of atherosclerosis [8] [9] [10] . The relevance of BP classes with respect to subclinical organ damage has not been assessed in low-income countries at the second epidemiological transition. Carotid artery IMT is listed as a measure of subclinical organ damage in the guidelines of hypertension [6] . If BP is a universal risk factor, it is to be expected that a higher BP class results in higher carotid artery intima-media measures also in low-income countries at secondary transition.
It is conceivable that currently available data may underestimate the effect of BP class on carotid artery IMT due to the high level of care given to patients either in the primary or secondary prevention setting in highincome and middle-income countries. In this respect, studies in treatment-naive populations may add valuable information. We hypothesize that BP class defines carotid artery IMT in a population with a traditional 'nonwestern' lifestyle at the secondary epidemiological transition. Therefore, we studied carotid artery IMT in relation to BP class in a nearly treatment-naive population in Flores Island, Indonesia.
Methods
Study area in Flores Island, Indonesia Flores Island, East Indonesia, is one of the Lesser Sunda Islands with a surface area of 17 164 sq km. In Nangapanda, Ende District, a rural area in the mid-South of Flores, which is the study area, the inhabitants follow a traditional lifestyle, the main sources of income being labor-intensive agriculture, unassisted by mechanical tools, decorative stone collecting, and sarong weaving. The diet mainly consists of the freshly grown vegetables and fresh fish. The fish is brined to preserve and stored for times of scarcity, thereby becoming the most important source of salt intake. Coconut oil and fresh coconut milk are used for frying and cooking. (Information derived from local sources, questionnaires administered during the surveys and from 'The official site of Ende District, East Nusa Tenggara. www.endekab.go.id 20-04-2010').
Study population and design
All included patients were participants of the Immuno-SPIN project. The ImmunoSPIN project (www.immunospin.org) was established in Nangapanda area, which has been described in detail before [11] . The ImmunoSPIN project was approved by the Research Ethical Committee of the University of Indonesia, Jakarta, Indonesia. Because of the high rate of illiteracy among patients, verbal informed consent was obtained from each participant. A total of 500 randomly selected inhabitants of Nangapanda, between the age of 18 and 80 years, were invited for carotid artery IMT measurements on 10 in advance specified days in July 2009. Patients were selected based on their address. By choosing 10 research days, all parts of the village were covered and, therefore, the group is representative for the inhabitants of Nangapanda. Of the 500 invited patients, 476 (95.2%) accepted the invitation. Here, we describe the results of a cross-sectional observational study. The primary aim of the study was to study the effect of BP class on carotid artery IMT in an environment at the secondary epidemiological transition, unaffected by conventional 'western-type cardiovascular risk factors' and unbiased by cardiovascular treatment in Flores Island, Indonesia.
Clinical data
Interviews were performed for medical history, family history, medication, and cigarette smoking. Medical past and family history were categorized in cardiac events, hypertension, cerebrovascular events, and diabetes mellitus type II. Age estimates were derived from interviews and missionary records. In case age was unknown, age estimates were done using a collection of information gathered from birth-related events, neighbors, relatives, or from calculations derived out of their children's age. Waist-hip ratio (WHR) and BMI were measured in all patients. In all patients, the Systematic Coronary Risk Evaluation (SCORE)-score was calculated. As Flores is considered a low-risk population, the low risk SCOREchart of southern Europe was used. In order to calculate a SCORE-score in all individual patients, even below the age of 40 and above the age of 65, all patients were extrapolated to the age of 60, as proposed in the original European Society of Hypertension/European Society of Cardiology (ESH/ESC) guidelines [12] .
Blood pressure measurement BP measurements were taken of all patients in supine position after a 5-min rest. Measurements were done three consecutive times on the left arm in all patients using a digital sphygmomanometer from Omron 705IT (HEM-759P-E2; OMRON Healthcare Europe BV, Hoofddorp, The Netherlands). The average of three SBP and DBP measurements was used in the analysis. The mean BPs were grouped using the criteria published by the ESH and ESC 2007 classification for adults above 18 years of age [6] . 'Optimal' BP was a BP less than 120/80 mmHg, '(high) normal' is defined as a BP of at least 120/80 mmHg and lower than 140/90 mmHg, 'grade I hypertension' as at least 140/90 mmHg and lower than 160/100 mmHg, 'grade II hypertension' as at least 160/100 mmHg and lower than 180/110 mmHg, and grade III hypertension as a BP at least 180/110 mmHg.
Carotid artery intima-media thickness measurement IMT was measured while the patient was lying in a supine position. Measurements were made at three different angles of both the right and left common carotid artery at 10 mm proximal of the carotid artery bulb after shipping a mobile ultrasound device (Mylab25 ultrasound system with a LA523 13-4 MHz transducer; ESAOTE, S.p.A, Maastricht, The Netherlands) from the Netherlands to Flores Island. The mean of these six measurements was used in the analysis. First, a pilot study on 46 randomly chosen patients was performed in order to evaluate the quality and reproducibility of the measurements and to evaluate the infrastructure. These IMT measurements were done twice by two trained ultrasonographists (L.J.W. and A.E.W.) after training under supervision (of J.T.T.) at the vascular and internal medicine outpatients-ward at Leiden University Medical Centrum (LUMC), The Netherlands. A highly significant correlation was observed between both echographists with a Pearson's coefficient (r) of 0.933. A Bland-Altman plot (not shown) showed no significant difference between both echographists. An acceptable variance around the mean (within 1.96 standard deviations) was observed without downward or upward bias. The IMT measurements of both echographists showed high intraclass correlation for absolute agreement (0.963, P < 0.01). After this pilot study, one of the physicians (AEW) performed all IMTs measurements in the 476 patients included in this study. Carotid artery plaque was scored by the absence or presence of plaque. The definition of carotid artery plaque was the presence of any vascular irregularities or widening of the carotid artery, with or without protrusion into the lumen [13] .
Laboratory measurements
All patients were instructed to do fasting before venous sampling. Blood glucose was analyzed using Breeze2 glucose meter (Bayer Healthcare LLC, Basel, Switzerland). Lipid profiles [total cholesterol (TC), triglycerides, highdensity lipoprotein (HDL) cholesterol] were measured using commercial enzymatic kits -Cat:11489232 for TC and HDL and Cat:11488872 for TG (Roche Molecular Biochemicals, Indianapolis, Indiana, USA) -and determined using ELISA reader (LabSystem Multiscan, MHC347; Helsinki, Finland). Low-density lipoprotein (LDL) cholesterol was calculated by using the Friedewald calculation.
Sample size calculation
No studies have been performed in high-income, middleincome, or low-income countries that analyzed IMT stratified by BP levels. A formal power calculation was, therefore, not possible. The aimed number of included patients (n ¼ 500) was based on the capacity of the research team who performed the IMT measurements to conduct the work within a 2-week period.
Statistical analysis
For all baseline characteristics, data are presented as mean W SD. The mean IMT is presented as mean AE SEM. Analysis of variance (ANOVA) and analysis of covariance (ANCOVA) were used to assess the relation between mean IMT measurements and classes of SBP. Bonferroni correction was applied for comparison between all groups. P values less than 0.05 were considered to be significant. Model 1 is not corrected for any additional 'classical' cardiovascular risk factors (ANOVA). Model 2 is corrected for age and sex (ANCOVA 1). Model 3 is corrected like model 2 with addition of smoking, blood glucose, WHR, total cholesterol/HDL ratio, medical history, and family history (ANCOVA 2). Statistical analysis was done using SPSS statistics 17.0.2 (SPSS Inc., Chicago, Illinois, USA).
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Results

Demographics
Out of the 500 patients invited, 476 (95.2%) responded and presented at our research center. Of these 476 patients, 471 (99%) had both IMT and BP measured and were included in the analysis. Patients' characteristics are given in Table 1 . The average age was 51 AE 10 years, ranging from 20 to 80 years. There was a slight predominance of female patients (58%) and a third of all patients were smokers (33.2%). Pharmacological treatment was virtually absent: 14 patients (2.9%) used any form of medication, of whom eight patients (1.7%) were taking antihypertensive medication mostly on irregular basis (three patients used nifedipine, six captopril, and three hydrochlorothiazide). Twenty patients (4.2%) had suffered a stroke and/or a myocardial infarction, and 30 patients (6.3%) had diabetes mellitus type II. A positive familial history of cardiovascular events was present in 30 patients (6.3%). The mean WHR was 0.89 AE 0.07 (0.92 AE 0.06 in men and 0.87 AE 0.06 in women). The mean blood glucose level measured was 6.1 AE 1.8 mmol/l. Mean BP was 135 mmHg systolic and 78 mmHg diastolic. Hypertension (grade I and II) was present in 35.6% of the participants. The mean total cholesterol level was 5.05 AE 1.12 mmol/l, HDL cholesterol was 1.54 AE 0.39 mmol/l, triglycerides 1.30 AE 0.68 mmol/l, and the mean calculated LDL cholesterol level was 2.92 AE 1.01 mmol/l. The mean total cholesterol/ HDL cholesterol ratio was 3.44 AE 1.07. Mean carotid artery IMT was 635.4 AE 5.1 mm. Mean SCORE-score was 2.4 AE 2.1%. Carotid plaque was present in 16.6% of the patients. (Table 1) Carotid artery intima-media thickness and blood pressure class BP was measured in 471 patients. Mean BP (AESD) was 111.7/66.8 (AE6.0/6.1) mmHg in the 'optimal' BP class group (n ¼ 121), 128.4/75.6 (AE5. Mean carotid artery IMT (AESEM) was 587.8 (AE9.3) mm, 621.5 (AE7.6) mm, 653.6 (AE10.5) mm, 717.9 (AE14.0) mm, and 750.1 (AE21.8) mm in the 'optimal' BP, '(high) normal' BP, 'grade I, II, and III hypertension' classes, respectively. If corrected for multiple testing, the carotid artery IMT measurements of all BP classes remained significantly different compared to the grade II hypertension class (P < 0.01).
To address the potential influence of age and sex, a subsequent analysis was performed adjusting for the variables 'age' and 'sex' (model 2). This resulted in a mean IMT (AESEM) of 605.1 (AE8.2) mm, 623.7 (AE6.5) mm, 647.4 (AE9.0) mm, 696.2 (AE12.2) mm, and 716.4 (AE18.9) mm in the 'optimal' BP to the 'grade III hypertension' class, respectively (P < 0.01). Adjusting for 'age', 'sex', 'smoking', 'blood glucose', 'WHR', 'TC/HDL cholesterol ratio', 'medical history', and 'familial history' (model 3) resulted in a mean IMT (AESEM) of 609.3 (AE10.1) mm, 622.7 (AE8.1) mm, 653.4 (AE11.2) mm, 681.7 (AE16.5) mm, and 709.5 (AE24.2) mm in the respective BP classes (Fig. 1) . Table 2 shows the contribution of every individual 'classical' cardiovascular risk factor to the progression of IMT (model 3). BP classes significantly contributed to carotid artery IMT (P < 0.01) regardless of age (P < 0.01), sex (P ¼ 0.11), blood glucose (P ¼ 0.73), lipid levels (P ¼ 0.49), WHR (P ¼ 0.68), smoking (P ¼ 0.74), medical history (P ¼ 0.48), and familial history (P ¼ 0.58). Using LDL cholesterol instead of the total cholesterol/ HDL cholesterol ratio yielded identical results (data not shown).
Discussion
This is the first study that relates BP class to carotid artery IMT in a population with a traditional 'nonwestern' lifestyle at the secondary epidemiological transition. The results show a clear increase of carotid artery IMT with higher BP classes. The effect of BP remained statistically significant after correction for potential confounders. Interestingly, this observation has been done in an environment in which medication is not yet continuously present. Thus, the results probably reflect the real and remarkably strong impact of BP class on carotid artery IMT. These results show that the relevance of BP stratification is not restricted to individuals in highincome countries at the third epidemiological transition [7, 9, 14] .
Intriguingly, the effect of BP on carotid artery IMT may start at an early level of BP elevation. Although the effect Effect of blood pressure on intima-media thickness Pasha et al. 2197 Table 1 Baseline patient characteristics: demographic and metabolic variables Anthropometric characteristics of the research population at their first consultation. RR, blood pressure; SD, standard deviation; TC/HDL, total cholesterol/high-density lipoprotein cholesterol; WHR, waist-hip ratio.
of optimal versus (high) normal BP on the IMT did not remain statistically significant in ANCOVA model 1 and 2, the statistically significant uncorrected data (ANOVA) suggest the increase of carotid artery IMT may already occur in participants in the high normal BP group. This is in line with the dose-effect relation between BP classes and IMT as observed. Importantly, the population studied may well reflect the situation in millions of individuals living in 'nonwestern' societies at the secondary epidemiological transition. Given this strong effect of BP class on IMT, in these participants, and given the fact that increased IMT predicts cardiovascular events later in life, the study results underline the importance to establish preventive and therapeutic measures for these patients. The knowledge and resulting therapeutic means developed in high-income countries should be studied and especially become available in low-income countries, even if they are at the secondary epidemiological transition.
Our study population had an incidence of grade I and II hypertension of over 35%, which is relatively high compared to multiple studies in rural areas in Asia and Africa [15, 16] . In addition, 17-37% of the 180 patients with '(high) normal' BP may progress to hypertension if the data in literature apply to the individuals now studied in Flores Island [17] . We were, however, surprised to find this high prevalence of hypertension in this population.
A consideration regarding this high prevalence is that salt intake in Flores Island may be relatively high due to the use of brined seafood [18] . Unfortunately, we did not collect urine samples to confirm this hypothesis by measuring urine sodium secretion. Also local data on salt ingestion have never been gathered and are, therefore, not available. Given this, it is currently not possible to correlate salt intake to BP class, nor to study the relation of sodium intake with the carotid IMT in this population [19, 20] .
It could be argued that the results of our study are confounded by other cardiovascular risk factors for instance smoking. Therefore, an analysis for covariance was performed to assess the influence of age, sex, smoking, blood glucose level, WHR, TC/HDL cholesterol ratio, familial history, and medical history. The results of these analyses (Fig. 1) show that BP class significantly relates to carotid artery IMT. In the ANCOVA models, age significantly contributed to IMT. This is in line with the effect of age on IMT previously described in western populations [21, 22] . Another weakness is that IMT measurements cannot differentiate between the intima and media of the vessel wall. The elevation of carotid artery IMT does, therefore, not differentiate between atherosclerotic intima vessel wall thickening and media vessel wall hypertrophy due to hemodynamic stimulation by the elevated systolic BP [23, 24] . Intima-media thickness and blood pressure class. Visualization of the influence of blood pressure on the carotid artery intima-media thickness (IMT) with correction for known western type cardiovascular risk factors (age, sex, smoking, blood glucose, waist-hip ratio, total cholesterol (TC)/highdensity lipoprotein (HDL) cholesterol ratio, medical history, and familial history).
We are aware the study has limitations. Patients with known hypertension and patients with a medical or familial history of cardiovascular disease may have been more eager to participate in the study. However, the inclusion of patients at 10 randomly chosen days and the high response rate argue against a sample bias. Second, a cross-sectional study design without follow-up period is not a design to register cardiovascular events. Thus, analysis relating high IMT values to future cardiovascular events could not be performed in the context of the current study. Thus, the extrapolation of the results of multiple studies in western populations that established carotid artery IMT as marker for the presence of atherosclerosis and as approved intermediate endpoint for randomized intervention studies may be unjustified and should be confirmed in follow-up studies [8] [9] [10] . Third, there is a relatively high amount of carotid artery plaque [25] . This could be elucidated by defining plaque as any vascular irregularities or widening of the carotid artery, with or without protrusion into the lumen. However, the presence of plaque increases according to the BP class, which is as expected.
The results of the present study are to our knowledge the first to show the direct relation of BP classes and carotid artery IMT in an untreated population at the stage of second epidemiological transition. This study underlines the importance of BP as risk factor for cardiovascular disease and the potential enormous benefit of BPlowering strategies in individuals living in low-income countries at the second epidemiological transition.
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Effect of blood pressure on intima-media thickness Pasha et al. 2199 Table 2 Parameters estimates: prediction of intima-media thickness The influence of blood pressure on the carotid artery intima-media thickness (IMT) with and without correction for known western type cardiovascular risk factors (age, sex, smoking, blood glucose, waist-hip ratio, total cholesterol/ high-density lipoprotein (HDL) cholesterol ratio, medical history, and familial history). CI, confidence interval. 
